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ABSTRACT 
Plant layout involves planning the placement of industrial ~ 
' 
facilities such as equipment, storage, materials handling 
equipment, and support services. A good layout provides 
lower material handling costs, lower work in process (WIP) 
inventory, more efficient use of manpower, machinery, and 
space, and safer working conditions. 
The traditional approach to plant layout relies heavily on 
intuition and on I 
I 
eng1neer1ng judgement. More recently, 
analytical approaches, including computer algorithms have 
been suggested to aid 
I 1n the process. Unfortunately, 
although computer algorithms have been available for a 
number of years, they have not gained widespread usage in 
industry. 
The purpose of this MSE thesis is to investigate analytic 
approaches to facility layout and materials handling 
system design and to propose an interactive computer 
graphics software package for a personal computer. This 
software package would be used by manufacturing engineers, 
industrial engineers, and facilities 
I 
engineers to plan 
efficient manufacturing line layouts. The software 
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software package would direct the engineer through the 
layout process in a systematic~ process, using analytical 
aids when appropriate. 
/ 
The intention of the software 
would be to marry the practical experience of the designer 
with the.computer's power to organize and analyze. 
The drafting function found in most CAD systems would not 
be emphasized. Instead, this~ software would aid the 
engineer in designing efficient manufacturing systems 
where efficiency is measured I in terms of distance 
traveled, materials handling cost, and other measures. An 
IGES file translator provides a mechanism for transferring 
the block layouts created by the package to conunercially 
available CAD packages. A CAD system could then be used 
to add.details to the block plan. 
Page 2 
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:1 .. . INTRODUCTION 
·Moore [MOOR62·J .. aptly .de:'scribes the plant la:yo'll't p·;t:oce;.s$ a:s 
:If.planning f:ar·, :an. optimum arrangement of: :industrial 
f . 1 · . aci 1t1es,. including person.nel, opera.ting e.quipment, 
storage space, materials h.and:li.r1:g equipment, and :a.11 other.· 
s::tipporting I services, .a.long ·v1,i.th. ·the design. of the: .b..est 
·s.'·tructure ·to. contain these :f'.ac.ilit.ies. " A ·<~j"ood layot.1..t 
results in many advantages, whi.ch are .. e.nume.·:r:·a:ted =·.:· . . . ·.··· .. , .. ·. -. . .. ,. . · ..... · .. •, . . . . .·. 
1 .. : A go:od ·1.a.yo,ut minimizes th:¢ rttat.er·:iJ:1 .. l handling 
··volume: and: ·the· cost of material.. h.a.ndling through 
·s·ho.rter: t.r·avel distanc.·es and f ewe:r :m:ovements. 
in ·suc:h. a. 
.. . .- '. . . .- ,•, 
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4. A good layout provides for employee health, 
safety, and satisfaction, which results in higher 
productivity. 
5. A good layout maintains flexibility so that 
changes due to growth or adaptation are easily 
managed. 
The advantages that can be gained by effective layout 
planning are numerous. Yet, industry has made little use 
of formal layout tools [KALT80]. The author of this 
thesis suggests that the catalyst for introducing 
analytical tools for layout planning has arrived. That 
catalyst is the now widely-available and highly-accepted 
personal computer. 
1.1 Perspective 
The prqblem of plant layout has been the subject of 
analysis since the industrial revolution. Even though the 
subject has received considerable attention over the 
years, it was not until the 
Page_4 
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research that analytical approaches to the problem were 
developed. The traditional approach to plant layout 
relies heavily on intuition and on engineering judgement. 
More recently, 
developed. These 
quantitative 
techniques 
approaches have been 
do not replace the 
traditional approach, but act to supplement it. 
This thesis will concentrate on the use of models to 
represent actual facility layout and material handling 
systems. Analytical approaches that provide solutions to 
such models will be presented. It is important to note 
that the analytical approaches we will discuss provide 
solutions models, which may or may not be valid for 
real-life situations. 
The purpose of this MSE thesis is to investigate the 
analytic approaches to facility layout and materials 
handling system design and to then propose an interactive 
computer graphics software package for 
computer. This software package would be 
a personal 
used by 
manufacturing I engineers, industrial 
I 
engineers, and 
facilities engineers to plan efficient manufacturing line 
Page 5 
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layouts. The software package would direct the engineer 
through the layout process in a systematic fashion, and 
would use analytical aids when appropriate. 
The drafting function commonly found in most CAD systems 
would not be emphasized. Instead, this software would aid 
the engineer in designing efficient manufacturing systems 
where efficiency is measured • in terms of distance 
traveled, materials handling cost, and other measures. 
Page 6 
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1.2 Fundamental Concepts 
1.2.1 Model Classification 
• 
Francis and White [FRAN74] classify facil·ity layout models 
I 1n three categories: iconic, analog, and symbolic 
(mathematical). Iconic models are scalar representations 
of actual objects. Iconic models may be either 
two-dimensional or three-dimensional representations. The 
intent of iconic models I 1S to maintain 
representation of the situation under study. 
models substitute one property for another. 
a visual 
Analog 
Once the 
problem has been solved I 1n the substituted state, the 
solution is transformed back to the original state. (An 
example would be the use of an electronic analog computer 
to represent a mechanical system). Finally, a symbolic or 
a mathematical model is an abstract representation of a 
system. 
The use of iconic models is still predominant in the field 
of plant layout. Templates and scale models are 
maneuvered on a scaled plan of the facility to obtain a 
number of alternative solutions. 
worthiness of the alternative 
" 
Page 7 
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dependent~on the subjective judgement of the analyst. In 
some cases, checklists and rules-of-thumb, formal or 
informal, are used 
I in the evaluation. More recently, 
computer-aided design (CAD) systems have been used instead 
of actual templates. Such systems ·rarely offer analytical 
tools for the facility designer. Instead, they provide a 
more productive method of drafting and the ability to more 
readily make changes . 
• 
1 
1.2.2 Facility Layout versus Material Handling 
The purpose of the analytical methods presented in this 
thesis is to aid in the production and/or evaluation of 
layout alternatives. Implicit in each alternative 
• 1S a 
method of transporting raw materials and work-in-process 
between manufacturing operations, 
• 1.e. the material 
handling system. The question that must be raised is 
"which comes first, the layout or the material handling 
system?" Conventionally, the layout is designed first and 
then the material handling system is fit to the layout. 
Tompkins and White [TOMP84] argue that material handling 
Page 8 
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decisions can have a significant impact on the efficiency 
of the layout. They identify the following materials 
handling decisions that will affect the l2yout: 
• 
1. Centralized versus decentralized storage of 
work-in-process (WIP), tooling, and supplies. 
2. Fixed path versus variable path handling. 
3. The handling unit (unit load) planned for the 
system. 
4. The degree of automation used in handling. 
5. The type of inventory control, physic~l 
control, and computer control of materials. 
White [WHIT80] suggests that a reason for the "layout 
first" syndrome is that the "handling is best" adage is 
misapplied. He argues that when the total 
• 
system is 
considered, handling more might be better than handling 
less, if more and less relate to distance. His experience 
suggests that "handling less is best" in terms of the 
number of times materials are handled and that handling 
Page 9 
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distance is not always the major concern. Ih order to 
obtain the best design from a systems perspective, White 
suggests that a number of alternative handling syst~ms be 
developed, and an appropriate layout designed for each. 
Each system should then be analyzed for its effectiveness. 
The preferred layout will be that which results from a 
consideration of the total system. 
! 
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1.3 Basic Layout Types 
1.3.1 Production Categories 
Before discussing types of plant layout it is useful to 
classify manufacturing by type of production. Groover 
[GR0080] classifies manufacturing into three types: 
1. Job shop production. 
~2. Batch production. 
3. Mass production. 
Job shop production is noted for low volume production. 
·Production lot sizes are small. In most cases production 
is done to meet specific customer orders. Manufacturing 
flexibility must be high I in a job shop I in order to 
manufacture a large variety of products for specific 
customer needs. Examples of products manufactured by job 
shops are cited by Groover. They include space vehicles, 
aircraft, machine tools, special tools and equipment, and 
prototypes of future products. 
Page 11 
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Batch production involves the manufacture of medium-sized 
lots of the same product. A distinguishing feature ~of 
batch production is that the production rate exceeds the 
demand rate for the item. Therefore, production is not 
done on a continuous basis but rather in discrete batches. 
Typically batches are produced to satisfy projected 
customer orders for a specified time frame. Production is 
done to build up inventory -- once inventory reaches a 
desired level, the production facility changes to a 
different product. When inventory of a given item 
decreases to a specified lower limit, another batch of the 
product is run to rebuild inventory. Groover estimates 
~ 
that as much as 75% of all parts manufacturing is done in 
lot sizes of 50 or less. Hence, batch and job shop 
production represent an important part of manufacturing. 
Mass production involves the continuous manufacture of 
identical products. 
production rates, 
. 
It I 1S 
highly 
characterized by very high 
specialized equipment, and 
infrequent product changes. 
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1.3.2 Flow Patterns 
Three types of layout are associated with traditional 
production facilities. These layouts determine how 
products and materials flow in the manufacturing process. 
They are: 
1. Fixed product layout. 
2. Process layout. 
3. Product layout. 
A fourth layout type, group layout, could also be added to 
this list. We will return to it shortly. 
1.3.2.1 Fixed Product Layout 
With fixed product layout, instead of moving the product 
from • one processing station to the next, the product 
. 
remains in\ a fixed position during its manufacture. This 
\ 
\ 
is norma11\ done when the product is difficult to move 
because of its size or weight. The most frequently cited 
examples of fixed product layout are the manufacture of 
Page 13 
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aircraft and shipbuilding. In general, the layout 
methodologie~ addressed in this thesis are not applicable 
to fixed product layouts. 
1.3.2.2 Process Layout 
A process layout is prevalent in the job shop and batch 
production environments. In this type of layout, the 
production operations are arranged according to the 
general type of manufacturing process. For example, all 
plastic presses would be • in one area, drill •
 presses in 
another, lathes in still another, and so forth. A process 
• • layout is used in an environment where production 
quantities are insufficient to justify dedicated machinery 
for a specific product. 
flexibility so that 
manufactured. 
Instead, the layout emphasizes 
a variety of products may be 
Page 14 
Computer-Aided Plant Layout: Yesterday and Tomorrow 
1.3.2.3 Product Layout 
When production volumes are sufficient, manufacturing 
operations should be arranged to 0 provide efficient flow 
paths from one workstation to the next for the specific 
product being manufactured. Product layouts are used for 
parts that are manufacUhred I in mass production. 
Work-in-process is typically moved by conveyor or other 
automatic means. Product layouts are inflexible -- they 
are used in cases where product design is stable, product 
life is long, and demand for the product is high. 
Francis and White [FRAN74] provide an informative list of 
advantages and limitations for both product layouts and 
process layouts. 
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1.3.2.4 Group Technology Layout 
r' 
Tompkins and White [TOMP84] identify a fourth layout type, 
which they refer to as "group layout" or "product family 
layout." In this scheme, parts are grouped in accordance 
with one or more characteristics. Group "families" may be 
based on similarities in part geometry, on common 
processing sequences, on common material composition, on 
common tooling requirements, and so on. 
family • 1S treated as a "pseudo-product" 
manufacturing line layout • 1S constructed 
The product 
and then the 
with this 
"pseudo-product" in mind. The increasing availability of 
flexible manufacturing systems has resulted in the 
increased use of group technology layouts. 
Page 16 
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1.4 Material Handling Overview 
1.4.1 Introduction 
As previously discussed, the design of the material 
handling system and the plant layout should be done 
concurrently to ensure an optimum manufacturing facility. 
The viability of a proposed layout is very much contingent 
on the material handling scheme that will be used. A 
highly integrated facility that makes use of automated 
conveyor 
process 
systems, and that requires minimal work • in 
(WIP) storage, will • require a substantially 
different layout than a facility that depends on manually 
operated materials handling systems. 
In this section we discuss the materials handling concepts 
necessary for the analytical models presented later in 
this thesis. This discussion • is not meant to be a 
comprehensive analysis of materials handling system 
design. It • is suggested that readers interested • in a 
comprehensive discussion consult [APPL73] and [BOLZ58]. 
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1.4.2 Requirements 
[FRAN74] argues that material handling b~ defined 
according to a broad definition, namely that when it is 
done properly "material handling uses the right method to 
provide the right amount of the right material at the 
right place, at the right time, in the right sequence, in 
the right position, in the right condition, and at the 
right cost." In other words, materials handling includes 
more than just handling -- it also includes storage and 
control. 
Efficient material handling systems are becoming more 
crucial to the success of manufacturing. It is now widely 
recognized that efficient management of inventories, 
including work-in-process, is key to the profitability of 
the firm [VOLL84]. The design of the material handling 
system is an important factor in the level of inventory 
required for production. One reason for much of the 
success of Japanese manufacturers in recent years is their 
successful management of inventories through systems such 
as Kanban used for just-in-time manufacturing [SILV85]. 
Just-in-time manufacturing requires that deliveries of 
parts and materials be timed so that they arrive just as 
Page 18 
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they are needed. Again, an efficient materials handling 
system is required for this manufacturing approach to be 
successful. 
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1.4.3 Principles 
The College-Industry Council on Material Hand~ing 
I 1n 
conjunction with the Material Handling Institute, Inc. 
has called on the experiences of many material handling 
authorities to produce a list of material handling 
principles. 
[FRAN74]). 
(A list of these principles is provided by 
The following is a condensation of the list 
which presents only those principles applicable to this 
thesis: 
\ 
1. Systems Principle: Integrate handling and 
2. 
storage activities when economically feasible 
into a coordinated 
including receiving, 
system of operations, 
inspection, storage, 
production, assembly, packaging, and ware-
housing. 
Unit Load Principle: Handle product 
I 
in as 
large a unit load as is practical. 
3. Space Utilization Principle: Utilize all cubic 
space. 
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4. Energy· Principle: Include energy consumption 
of the material handling system when making 
comparisons between proposed layouts and when 
doing economic justifications. 
5. Simplification Principle: Simplify handling by 
eliminating unnecessary movements. 
6. Computerization Principle: Consider computer-
ization in material handling and storage 
systems for improved material and information 
control. 
7. Layout Principle: Prepare an operation 
8. 
sequence and equipment layout for all viable 
system solutions, then select the alternative 
system which best integrates efficiency and 
effectiveness. 
Cost Principle: Compare the I economics of 
alternate solutions on the basis of expense 
per unit handled. 
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Stated succinctly, the above principles suggest that a 
systematic approach to materials handling system and 
layout design be used. It is suggested that alternative 
layouts be generated for I various materials handling 
designs, and that these layouts be judged on an economic 
basis. The I economics of the alternatives should be 
compared on the basis of expense per unit load handled. 
, It I is important that the analytic approaches we use to 
develop and/or evaluate layout alternatives support these 
concepts. 
1.4.4 Unit Load 
A useful concept that I 1S necessary when specifying 
material flows is that of the unit load. A unit load can 
be defined as the unit that is handled (moved or stored) 
at one time. In some cases a unit load is one item of 
production; in other cases it may be several cartons, each 
containing a number of units of production. In still 
other cases, it may be thousands of units of production 
loaded into a single carton. The unit load includes both 
the materials to be handled and the container or'carrier 
necessary to move the materials. 
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The size of the unit load depends on a number of factors. 
Such factors include: 
- The size and shape of the unit of production. 
- The fragility of the unit of production. 
- The number of times the unit must be moved, and the 
distance moved. 
- The method of receiving, storing, and shipping. 
- The nature of other unit loads within the system. 
- The capabilities of the material handling system. 
The concept of the unit load is important because it is 
the unit of measure for flows between areas 
analytic plant layout models. 
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2 COMPUTER-AIDED DESIGN IN MANUFACTURING 
2.1 Background 
Computer-aided design and computer-aided manufacturing 
' 
(CAD/CAM) systems have become very important tools for 
industry in the fields of mechanical and electronic 
design. It has been shown that the productivity of design 
engineers increases dramatically when they use CAD/CAM 
systems. Although expensive, CAD/CAM systems are cost 
effective [R0DE83]. In a similar vein, low cost personal 
computers have contributed significantly to increased 
J 
productivity in the engineer's office. Financial analysis 
programs, such as Lotus 1,2,3 (Copyright Lotus Development 
Corporation), provide engineers with simple to use, yet 
powerful, tools for making finance-based design decisions. 
Simple to use word-processing programs provide the 
engineer with the ability to organize his work, and to 
document it. 
It • 1S interesting to note the similarities and the 
differences between CAD/CAM systems, and general purpose 
personal computers. Perhaps the best way to contrast the 
systems is to view them from the perspective of the user. 
Page 24 
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Engineers generally use CAD/CAM systems for very specific 
purposes, namely for the design of mechanical and/or 
electronic parts and assemblies. Computers, whether they 
are micros, minis, or mainframes, can also be used for a 
variety of other purposes. Financial analysis, 
word-processing, and data-base programs predominate sales 
of personal computer software, but literally hundreds of 
other applications are important. In general, software 
that runs on larger computers allows for more 
sophisticated processing. Increased\ sophistication is 
especially beneficial for the experi~itee~ user but in some 
cases it does make things more difficult for the novice 
user. 
Perhaps the most significant difference between dedicated 
' . 
CAD/CAM systems and general-purpose personal computers is 
the issue of availability .. CAD/CAM systems are very 
expensive both- in terms of initial costs, and operating 
costs. Because of the high cost of CAD/CAM systems, the 
number of CAD/CAM terminals per engineer in the typical 
corporation is very small. CAD/CAM terminals are 
frequently placed in terminal rooms rather than at 
engineers' desks. (Of course, there are cases where 
CA~/CAM terminals are in an engineer's office. Usually 
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this is true in the case of a design engineer who utilizes 
a CAD/CAM terminal on nearly a continuous basis). A 
problem exists in that the engineer who needs to use a 
CAD/CAM system on an occasional basis usually finds that 
it is very difficult to find an available terminal. 
Personal computers, on the other hand, have become 
·~ 
• • inexpensive, and • prices are still dropping rapidly. 
Personal computers are universally available -- many more 
engineers have a personal computer in their office than 
have a CAD/CAM terminal. Because of the high availability 
of personal computers, • engineers are 
extensively for a variety of purposes. 
using them 
The software 
written for personal computers is generally easy to learn 
and easy to use. (As stated earlier, one reason why some 
personal computer software is easy to learn is that it~s 
not very sophisticated.) Unlike CAD/CAM systems, 
extensive training 
computer software. 
• 1S not required to use most personal 
Major vendors of CAD/CAM systems are recognizing the 
growing importance of personal computers. It has been 
predicted that one-fou~h of all CAD workstations will be 
PC based by the year 1988 [CCA585]. 
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In summary, the personal computer is a low-cost, highly 
available, general-purpose tool for the engineer. CAD/CAM 
software for personal computers is in its infancy, but is 
widely recognized to be an area for significant future 
growth. We now turn our attention to the computing needs 
of manufacturing engineers and industrial engineers. 
2.2 Manufacturing Engineering 
Manufacturing engineers are typically responsible for four 
areas [ GROOS O ] : 
1. "They provide advice to the product design department 
on produceability." CAD/CAM systems whose data base 
• lS available to both the design function and 
manufacturing • • engineering aids tremendously • in a 
"design for produceability" philosophy. • Most maJor 
vendors of CAD/CAM systems are working_ toward the true 
integration of CAD and CAM. 
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2. "The principal purpose of manufacturing engineering 
is process planning." Process planning consists of 
determining what manufacturing, assembly, and test 
procedures should be used and in what sequence they 
should be used. 
Personal computers are of great benefit in process 
planning. Spreadsheet programs (such as Lotus 
1,2,3 {Copyright Lotus Development Corp.}) can be 
used to estimate equipment needs and costs based 
on a given production schedule. Word processing 
programs can be used to efficiently write process 
routings. However, a missing link in computerized 
process planning I 1S that of manufacturing cell 
layout, and production line layout. CAD/CAM 
systems can be used for,this purpose, but because 
of the lack of availability of such systems (as 
per our earlier discussion), and the difficulty of 
learning how to use sophisticated CAD/CAM 
software, CAD/CAM is seldom used by manufacturing 
I 
engineers. 
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3. The third responsibility of manutacturing engineering 
is the "specification and design of specialized tools, 
jigs, and fixtures" used to produce the product. This 
includes the development of numerical-controlled (NC) 
machining programs. Frequently, manufacturing 
engineers specify the design of such tools and fixtures 
to specialized tool designers. Tool designers do use 
conventional CAD/CAM systems in their design work. In 
an integrated design and manufacturing environment, NC 
part programming can be automated through the use of a 
common CAD/CAM data base. 
4. The fourth responsibility of manufacturing engineering 
is to "solve production problems." The general-purpose 
personal computer is useful for this duty as an 
analytical tool and as a communications aid. 
2.3 Industrial Engineering 
The purpose of industrial engineering is to determine the 
work methods and time standards for individual production 
and assembly operations. Industrial engineering is also 
responsible for identifying and justifying equipment 
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needs, for operations research, and for plant and line 
layout studies. Personal computers are used by industrial 
engineers for word processing, for financial analysis, and 
occasionally for line optimization 
Plant layout can be done with 
(line balancing). 
conventional CAD/CAM 
systems, but again the unavailability and difficulty of 
lear,ning such systems often discourages their use by 
industrial engineers. 
2.4 Computer-Aided Plant Layout 
The point of the previous discussion I 1S that dedicated 
CAD/CAM systems, although very powerful, are frequently 
unavailable to the average manufacturing or industrial 
engineer because of the limited number of CAD/CAM 
terminals. Furthermore, since manufacturing cell layout, 
flowline layout, and plant layout are done on only an 
occasional basis, the large amount of training time 
required by conventional CAD/CAM systems is not cost 
effective. Perhaps more importantly, conventional CAD/CAM 
systems automate only the drafting portion of the plant 
layout process. (In fact, a recent Dataquest survey of 
CAD/CAM users indicates the dominant use of CAD/CAM 
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technology is still for drafting [ANDJ85].) They do not 
provide the software necessary to generate and/or evaluate 
materials handling system and layout design solutions. 
Personal computers, on the other hand, are used by 
manufacturing and industrial engineers for a variety of 
purposes. They are widely available inside industrial 
corporations, and are inexpensive. 
Given this state of affairs, I suggest that an analytical 
computer-aided materials handling and plant layout system 
is best implemented on a widely available personal 
computer, such as the IBM Personal Computer or the Apple 
MacIntosh. This system should guide an analyst through a 
systematic approach to plant layout. The drafting function 
commonly found in most CAD systems need not be emphasized. 
Instead, the software should aid the engineer in designing 
efficient manufacturing systems. 
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3 SYSTEMATIC LAYOUT PLANNING 
3.1 Introduction 
Muther has made a significant contribution to layout 
planning with his Systematic Layout Planning (SLP) 
approach [MUTH73]. SLP has been applied to a wide variety 
of problems, including production layout 
layout. SLP • 1S a significant contribution 
and office 
~~ 
• in its own 
right, but it also is important because it established 
many of the formal input requirements for computerized 
layout planning models. 
The SLP procedure is outline°' graphically in Figure 1 on 
page 47. Based on the input data and activities, a flow 
analysis (see Figure 2 on page 48) combined with an 
analysis of activity relationships (see Figure 3 on page 
, 49) is used to prepare a relationship diagram (see Figure 
4 on page 50). The relationship diagram provides a method 
of visualizing and evaluating activities spatially. The 
area required for each activity is not important at this 
point. 
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The next two steps determine the amount of space to be 
assigned to each activity. Area requirements must be 
determined for each department. 
created for each department and 
Templates are then 
"attached" to the 
relationship diagram to create the space relationship 
diagrf1' (see Figure 5 on page 51) . 
Next, based on modifying considerations and practical 
limitations, a number of layout alternatives are developed 
and evaluated. 
\ 
We now delve dee2er into the SLP steps. 
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3.2 The SLP Procedure 
3.2.1 Information Gathering 
Muther argues that the key input data upon which any 
layout problem rests 
P,Q,R,S, and T: 
are represented by the 
,r letters 
"By froduct (or material or service) we mean the 
goods produced by the company or area in question, 
the starting materials (raw materials or purchased 
parts), the formed or treated parts, the finished 
goods, and/or service items supplied or processed. 
"By Quantity (or volume) we mean the amount of goods 
or services produced, supplied, or used. 
"By gouting we mean the process, its equipment, its 
operations, and their sequence. 
"By ~upporting Services we mean the utilities, 
auxiliaries, and related activities or functions 
that must be provided in the area to be laid out, so 
that it will function effectively. 
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"By Time (or timing) we mean when, how long, how 
-
often and how soon." 
The major factor affecting the ·layout is that of the 
process design. Process design I in turn is affected by 
product design. For example, the materials a part is made 
of, the machining operations that must be done, the 
assembly operations that must be done, and so on, affect 
the ultimate layout for the part's manufacturing line. It 
is also important to note that the production volume of 
the part is a significant factor in the layout. 
Process design decisions are typically summarized in the 
form of routing sheets and operation sheets. The route 
sheet defines the sequence of operations, the description 
of operations, the machines or equipment used for the 
operations, and in many cases, the time allotted to the 
operations. 
routing sheet. 
The operation process chart supplements the 
It presents an easy to visualize model of 
the operations and inspections 
process. 
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Muther emphasizes that the information gathered in this 
stage of SLP is critical to the success of the process. 
It is important that the layout engineer avail himself of 
an accurate database of process routings and machine 
requirements. 
3.2.2 Steps 1 and 2: Flow Analysis and Activity 
Relationships 
Flow analysis concentrates on quantitative measures of 
movement between departments (activities). Activity 
analysis, on the other hand, concentrates on 
nonquantitative factors that can influence the location of 
departments. 
In step 1 of SLP, the layout engineer uses information 
gathered in the first stage (routings and operations) to 
analyze the flow of materials from raw material to 
finished product. Apple [APPL73] lists some of the 
factors that can affect the flow pattern: 
1. Location of external transportation facilities. 
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2. Number of parts in the product. 
3. Number of operations on each part. 
4. Number of subassemblies. 
5. Production volume. 
6. Influence of processes. 
7. Product versus process versus group type of 
layout. 
8. Special requirements of departments. 
9. Material storage schemes. 
10. Level of flexibility desired. 
Flow Analysis and the From-To Chart 
The from-to chart is generated to show the number of 
material handling trips per period of time (generally a 
day) between departments. Figure 2 on page 48 shows an 
example from-to chart. 
in the from-to-chart, 
By inspecting the data displayed 
the layout • engineer can identify 
which departments have large volumes of movement with 
other departments. The intention of the layout design, 
then, is to locate departments in such a manner that the 
volume of materials movement • 1S reduced to a minimal 
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value. For small layout designs, this process can be done 
manually. For large projects, ~the use of a computer aided 
model is suggested. 
Activity Analysis and the Activity Relationship Chart 
As stated previously, activity analysis concentrates on 
qualitative relationships among departments as opposed to 
the quantitative flow measures in the from-to chart. 
There are several reasons why the flow of material (as 
determined by the process routing) must not be the sole 
criteria used when designing layouts [MUTH73]. 
1. Many supporting I services I are necessary in 
manufacturing that are not part of the materials 
flow. Such services might include the tool crib, 
the rest rooms, the break area, offices, the 
electrical supply center, the computer control area, 
~ 
etc. Although they are not involved in materials 
flow, the location of these functions with respect 
to certain departments is likely to be important. 
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2. In cases where the parts or products being 
manufactured are easily handled (because they are 
small and/or light weight) flow of material is 
relatively unimportant. 
electronics manufacturing, 
This is 
for 
the case 
example, 
I in some 
where raw 
materials (electronic components) are so small they 
may need be delivered on only a daily basis. 
3. In some cases the nature of production 
operations dictate that a layout be used other than 
the optimal one based on flows. For example, it is 
undesirable for a chemical plating process that uses 
caustic chemicals to be located near an area that 
requires a clean working environment. It is also 
undesirable to locate noisy machinery near office 
workers. 
The relationship chart (frequently called the "REL Chart") 
is used to record the qualitative relationships between 
departments. As defined by Muther, the activity 
relationship chart rates the importance of closeness 
between departments (activities) 
vowel-letter value scale: 
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A Closeness ~bsolutely necessary. 
E Closeness especially important. 
-
I Closeness important. 
0 Qrdinary closeness OK. 
u Closeness !!nimportant. 
x. Closeness undesirable. 
For each grid in the activity relationship chart, Muther 
suggests that both the closeness rating and a reason for 
the rating be entered. The reasons for the closeness 
rating may be coded according to the layout engineer's 
coding system. Normally, a numeric code is used to 
represent reasons such as "flow of materials", "use common 
records", "share same personnel", "perform similar work", 
"noise", "lighting", "hazard compatibility", etc. 
3.2.3 Step 3: The Relationship Diagram 
,. 
Having quantified the flow of materials with the from-to 
chart, 
measures 
and/or documented the 
between departments 
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relationship chart, step 3 of SLP is to create the 
relationship diagram. See Figure 4 on page 50 for an 
example of an activity relationship diagram. 
In the relationship diagram equal size squares are used to 
represent individual departments (activities). Space 
requirements for the departments are not considered at 
this step of the SLP process. Each pair of activities on 
the relationship chart is connected on the relationship 
diagram with a set of lines. 
represents the strength of the 
The number of lines used 
relationship between 
activities. Four lines are used to represent an "A" 
(absolutely necessary) relationship between departments. 
Three lines represent an "E" (especially necessary) 
relationship. 
relationship. 
Two lines" represent an "I" (important) 
A single line represents an "O" (ordinary 
closeness) relationship. "U" (unimportant) relationships 
are drawn without line segments. "X" relationships 
(undesirable) are shown as squiggly or zig-zag lines. 
Once the first relationship diagram has been drawn, it 
must be visually analyzed. The procedure is to rearrange 
squares until the best fit of relationships between 
departments is obtained. This procedure relies heavily on 
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human judgement. Computerized routines are available to 
aid in the development of the activity relationship 
diagram [MUTH73], but Block [BLOC77] suggests that for 
many layout problems, especially those where there is flow 
dominance, 
algorithms. 
visual-based methods outperform computer 
The activity relationship diagram represents the best 
arrangement 
consideration 
activity. 
of 
the 
activities without taking into 
actual space required for each 
3.2.4 Steps 4 & 5: Space Requirements and Availability 
At this point, the completed activity relationship diagram 
represents the best layout without considering space 
restraints. Steps 4 & 5 of SLP involve determining the 
space required for each department and the size and shape 
of available space the new layout is to fit into. Muther 
[MUTH73], Apple [APPL77], and Francis [FRAN.74] all provide 
exhaustive treatments of the space issue, which we have . 
' 
chosen not to discuss for the sake of brevity. The 
importance of these steps is that an area requirement for 
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each of the activities of the relationship diagram is 
determined, and noted next to the appropriate square on 
the diagram. 
3.2.5 Step 6: Space Relationship Diagram 
In this stage, the layout analyst redraws the activity 
relationship diagram to create the space relationship 
diagram. The difference between the two diagrams is that 
• in the space relationship diagram, activities 
(departments) are drawn to scale according to their 
required • sizes. The same approximate geographical 
orientation of departments is maintained 
constraints of available space. 
within the 
Muther suggests two methods for adjusting space 
relationships [MUTH73]: 
1. By sketching to scale, on cross-sectional paper, 
• various alternative combinations of fits and 
configurations of the activities. 
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2. By moving unit-area blocks of space (actual areas are 
represented by a number of movable blocks) and making 
various arrangements of them. 
The second method is particularly interesting since many 
of the available computer algorithms use unit-area blocks 
to represent a fixed unit-quantity of floor space. 
3.2.6 Steps 7 & 8: Modifying Considerations and Practical 
Limitations. 
The space relationship diagram is very nearly a layout. 
Steps 7 & 8 in SLP involve the modification of the space 
relationship diagram to conform to one or more of the 
following categories: 
1. Handling methods. 
2. Storage facilities, 
3. Site surroundings. 
4. Personnel requirements. 
5. Building features. 
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6. Utilities. 
7. Procedures and controls. 
8. Shape of activities' detailed layout. 
When the layout has been adjusted to reflect these 
practical considerations, a block plan (see Figure 6} can 
be drawn. This block plan is the end result of SLP --
detailed layout within departments can be 
necessary, by using SLP within the department. 
3.3 SLP Sununarized 
done, if 
Systematic layout planning starts with determining the 
flows between departments (the from-to chart) and the 
qualitative relationships between departments (the 
activity relationship chart). From these analyses, a 
relationship diagram 
I 
1S developed. The relationship 
diagram positions activities spatially, but without space 
requirements. Next, the amount of space to be assigned to 
each activity is determined. Once the space requirements 
have been determined, the space requirements are "hung on 
the relationship diagram" to obtain the space relationship 
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diagram. Next, .based on modifying considerations and 
practical limitations, one or more layout alternatives are 
developed. 
Muther's SLP is an important contribution to the world of 
plant layout. It pr~vides an organizing framework that 
considers both qualitative and quantitative measures. 
Much of the terminology and many of the tools used in SLP 
are used • 1n computerized layout procedures. 
Computer-aided layout programs have not replaced SLP --
they have merely augmented it. Muther states 
••• when run in parallel with sound mental " 
planning, 
prevent 
these computer programs may help 
an oversight or open unforeseen 
possibilities to the layout planner." 
This concludes our treatment of SLP. We will now move on 
to a discussion of existing computer algorithms that aid 
in the layout process. 
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Input data and activities 
1. Flow 2. Activity 
analysis relationships 
• 
.. , 
3 • Relationship 
diagram 
4. Space 5 • Space 
requirements " ~ available , ' 
\ , 
6. Space 
relationship 
diagram 
' 
~ 
,r 
' 
7. Modifying ' 
.,,,, 8 • Practical 
~ '" 
considerations ' ~ limitations 
" " 
' 
~ 
r \, 
' 
, 
9. Develop 
layout 
alternatives 
\ ~ 
10. Evaluation 
Figure 1: Systematic layout planning (SLP) procedure. 
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FROM: 
Lathe Saw R.M. Drill Mill Rcvg Pkg Assy 
TO: Lathe 16 32 5 10 3 0 57 
Saw 12 43 7 21 7 0 16 
R.M. 9 12 12 15 17 0 18 
Drill 18 32 65 22 81 0 0 
Mill 16 19 23 16 19 0 0 
Rcvg 0 0 0 0 0 0 0 
1 
Pkg 3 8 8 42 38 17 ,: 0 
Assy 16 18 21 32 19 0 187 
Figure 2. From-to chart: Shows number of unit-loads moved 
between departments per week. 
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ACTIVITY RELATIONSHIP 
Lathe 
Saw 
Rotary Machine 
Drill 
Mill 
Receiving 
Packaging 
Assembly 
Rating 
A 
E 
I 
0 
u 
X 
Definition 
Absolutely necessary. 
Especially important. 
Important. 
Ordinary closeness OK. 
Unimportant. 
Undesirable. 
Figure 3. Activity Relationship Chart 
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Dept 
4 
Dept 
2 
Dept 
8 
"A" Rating 
"O" Rating 
Dept 
7 
Dept 
1 
Dept 
5 
Legend 
"E" Rating 
"I" Rating 
Figure 4. Activity relationship diagram. 
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• 
Dept 
4 
Dept 2 
Dept 8 
"A" Rating 
"O" Rating 
Dept 7 
Dept 1 
Dept 5 
Legend 
"E" Rating 
"U" Rating 
Figure 5. Space relationship diagram. 
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Dept A Dept D Dept C 
Dept F Dept H 
Staircase 
Dept E 
Rest rooms 
Dept G 
Dept B 
Figure 6. SLP Block Plan: The block plan is 
product of SLP. A detailed layout 
departments can be done, if necessary 
applying SLP within departments. 
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4 COMPUTER AIDED LAYOUT PLANNING 
4.1 Introduction 
In Section 1.3, "Basic Layout Types," we discussed the 
three types of layout types, namely fixed product layout, 
process layout, and product layout. Normally, when a 
layout is of the "product" type, the arrangement of 
• 
manufacturing facilities I J.S largely dependent on the 
sequence of fabrication, processing, and assembly steps. 
In other words, the production routing determines the 
layout. By contrast, a "process" layout is used whenever 
a large variety of products must flow through departments 
in varying sequences of operations. The number of 
possible arrangements for process layouts can be very 
large, growing factorially with the number of departments 
[OBRI80]. It I 1.S difficult for a layout planner to 
properly consider the merits of the large number of layout 
alternatives using only manual methods. Because of this 
problem, more than 30 computerized approaches to layout 
planning have been proposed [MOOR74]. 
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Moore [MOOR62] introduced the use of operations research 
in solving layout problems. Francis and White [FRAN74] 
have extended the tools of operations research to layout 
problems. Many well-known programs are available to aid 
in the layout process. 
are not interactive. 
Almost universally, the programs 
Most of them date from the early to 
late 70's when the majority of computer usage was done in 
batch mode on a mainframe. 
Shortly, we will outline the techniques used by these 
classic layout programs. First, we provide an overview of 
computer aided layout planning. 
4.2 overview 
Computer routines for facilities layout can be classified 
as either "construction type" or "improvement type" 
[TOMP78]. This classification scheme relates to how the 
final layout is generated. Some algorithms "construct" 
the layout by building a solution from scratch. Other 
algorithms require a "seed" layout which is then improved 
by the computer algorithm. 
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The five most widely used layout algorithms include: 
CRAFT 
COFAD 
PLANET 
CORELAP 
ALDEP· 
"Computerized Relative Allocation of 
Facilities" [ARM063] 
"Computerized Facilities Design" 
[TOMP73] 
"Plant Layout Analysis and Evaluation 
Technique" [DEIS72] 
"Computerized Relationship Layout 
Planning" [MOOR71] 
"Automated Layout Design Program" 
[SEEH67] 
CORELAP, ALDEP, and PLANET are construction routines. 
CRAFT and COFAD are improvement routines. 
The input data required by computer-aided layout routines 
is generally the same as that required by Muther's manual 
Systematic Layout Planning method. Some of the routibes 
make use of quantitative material flows between 
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Ir. 
' . 
departments. Other algorithms make use of the qualitative 
relationships among departments as specified I in the 
relationship (REL) chart. 
It is important to stress that these computerized tools do 
not replace human reasoning, but rather they augment it. 
They are effective in· the generation and evaluation of 
facilities designs. Much of the success of any layout 
design project relies on the validity of the input data. 
The importance of the information gathering stage of the 
process cannot be overemphasized. 
We now describe each of the five layout algorithms. 
4.3 CRAFT [ARM063] and [ARM064] 
In 1963, CRAFT, the first computer-aided layout routine 
appeared. CRAFT has grown to become the most widely used 
and written about computerized facilities design routine 
[TOMP78]. CRAFT I 1S an improvement algorithm. CRAFT'S 
inputs include a from-to chart indicating the volume of 
flow between departments, a move-cost chart indicating the 
cost per unit distance of handling a unit load among 
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departments, and an initial layout including the areas of 
each of the departments. Additionally, 
the program. 
control 
This information must be supplied to 
information includes the number of departments in the 
layout, the number of rows in the scaled layout, the 
number of columns in the scaled layout, the types of 
interchanges to consider, and the departments that are to 
be considered fixed in place (not moveable). 
The CRAFT procedure begins by determining the centroids of 
the departments in the initial layout. It then calculates 
the rectilinear distance between centroids. (All movement 
among departments is considered to be done between 
department centroids). 
0 
The transportation cost for the 
initial user-provided layout is determined by calculating 
the product of the entries from the from-to chart, the 
move cost chart, and the distance matrix. 
CRAFT next interchanges departments that are of equal ar.ea 
or that have a common border in an effort to reduce the 
transportation cost. The types of interchanges performed 
depends on the control information specified by the user. 
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Interchanges can be pair-wise, three-way, pair-wise 
followed by three-way, three-way followed by pair-wise, or 
the best of pair-wise or three-way interchanges. 
The transportation cost is estimated for each departmental 
interchange. The interchange resulting in the lowest 
transportation cost is made to the layout. CRAFT 
continues by evaluating other department interchanges in 
an attempt to further reduce the overall transportation 
cost. The procedure continues until no further 
improvement in cost can be obtained. 
Fixed departments are departments having no .flows with 
other departments. They may be used to: 
1. Fill building irregularities. 
2. Represent fixed areas such as stairways, 
elevators, rest rooms, transformer rooms, etc. 
3. Aid in evaluating aisle locations in the final 
layout. 
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CRAFT I requires that all departments be rectangular. 
(L-shaped departments, for example are not allowed.) 
"Dummy" fixed departments may be used to overcome this 
limitation. 
CRAFT will generally provide different solutions to a 
problem given different initial layouts. It is suggested 
in the literature that no less than three initial layouts 
be used as seeds to the CRAFT procedure. [TOMP84] 
4.4 COFAD [TOMP73] 
COFAD, computerized FAcilities Design, modifies the 
techniques used by CRAFT to allow the use of move costs 
for a variety of material handling equipment alternatives 
[TOMP73]. To include materials handling costs, the 
methods of material handling must be determined for each 
alternative layout design. COFAD jointly considers the 
layout and the material handling system. 
The inputs required by COFAD are the s~me as those 
required by CRAFT, plus the costs of alternative methods 
of material handling. Up to six different materials 
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handling equipment types may be identified. For each 
material move between departments, the feasible handling 
equipment that can be used, and the cost (fixed and 
variable) of the move can be input. Material movement can 
be either rectilinear or straight-line. Material handling 
alternatives might include fork-lift trucks, automatic 
guided vehicles (AGVs), conveyor systems, etc. It is the 
costs (fixed and variable} of the particular material 
handling system alternatives that are important to the 
COFAD algorithm. 
COFAD begins in a fashion similar to CRAFT, namely to 
improve the initial layout. COFAD determines the costs of 
performing each move with the feasible material handling 
alternatives. For fixed path equipment the annual cost of 
each move is determined as: 
Move 
cost 
Variable 
cost, $/ft 
X Length of 
Move, ft/yr 
+ Nonvariable 
cost, $/yr 
Costs (variable and nonvariable) are inputted by the user. 
The length of the move is determined by COFAD. 
I , 
Page 60 
Computer-Aided Plant Layout: Yesterday and Tomorrow 
For mobile equipment, the move costs are determined as 
follows: 
Move Variable Move Nonvariable Equipment 
Cost= Cost 
$/hr 
X Time + Cost 
hr/yr $/yr 
X Utilization 
for this 
move, % 
Costs (variable and nonvariable) are inputted by the user. 
Move time and equipment utilizations are calculated by 
COFAD. 
\ 
\ 
~ COFAD then uses the calculated move costs to determine the 
lowest cost materials handling system. This process 
begins by selecting a material handling method for each 
move that results in the lowest cost for that particular 
move. The procedure then investigates the utilization of 
the I various types. of material handling systems. 
Utilization and costs are balanced to obtain an overall 
minimum materials handling cost among departments. 
The advantage that COFAD has over CRAFT is that it allows 
the layout I engineer to consider layout and material 
handling design simultaneously. Different types of 
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material handling systems can be compared for the various 
moves among departments. Another advantage of COFAD is 
that it allows sensitivity analyses to be made where the 
flow volumes are adjusted plus and/or minus a specified 
percentage. 
4.5 PLANET [DEIS72] 
Deisenroth's and Apple's contribution to the computer 
aided layout planning field I 1S the program PLANET, 
"Computerized Plant Layout Analysis and Evaluation 
Techniques" published in 1972 [DEIS72]. PLANET, unlike 
CRAFT and COFAD is a construction algorithm. Material 
flow data may be specified in one of three different ways 
and three different construction techniques may be used. 
PLANET's inputs include: 
1. Control information to define the problem parameters 
and program options. 
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2. Department descriptions: names, areas, placement 
• 
priorities. The placement priorities define the order 
in which the PLANET algorithm should place departments 
in the layout. 
3. Materials flow data input in one of three ways: 
a) From-to chart as defined in SLP. The from-to 
chart is used to specify flow between 
departments. 
b) Production sequence by department for each 
part to be handled by the facility. Also, 
the cost per move per 100 feet for each part 
may be inputted. PLANET develops a from-to 
cost chart from the production sequences 
specified. 
c) In the form of a qualitative penalty matrix. 
The higher the penalty specified between 
departments the more important the closeness 
between the departments. This method 
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provides inputs similar to those obtained 
with Muther's Systematic Layout Planning 
(SLP) relationship chart. 
The PLANET placement algorithm begins by selecting the 
first two departments from the priority placement matrix. 
They are placed next to each other in the center of the 
layout. Each additional department is then placed so as 
to minimize material flow costs among all departments 
currently in the layout. The algorithm assumes that all 
materials flow between centroids of th~ departments. 
A major problem with PLANET is that it does not allow the 
designer to restrict the shape of the computerized 
construction model to the actual shape of the Building. 
PLANET layouts usually have unrealistic shapes. (See 
Figure 7). Furthermore, PLANET does not allow the user to 
fix departments in certain locations. This limitation 
severely restricts the usefulness of PLANET • • since in 
reality many areas in a manufacturing facility must be in 
a fixed position. 
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Dept 5 
Dept 3 
Dept 
4 
Dept 1 
Dept 2 
Figure 7. Construction Algorithm Sample Output: A major 
problem with fully-automatic construction 
algorithms is that they generate layouts having 
unrealistic shapes. 
4.6 CORELAP [LEE67] 
CORELAP, Computerized Relationship Layout Planning, was 
developed by Robert c. Lee in 1967. It is the oldest 
computerized construction algorithm [TOMP78]. CORELAP 
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,, 
constructs a layout based on the closeness ratings given 
in the relationship chart (REL chart) as defined by Muther 
in his Systematic Layout Planning method. 
The inputs required by CORELAP include: 
1. A relationship (REL) chart indicating the 
relationships between departments (A, E 
O, U or X ). 
2. The weight that each 
should be assigned. 
qualitative rating 
For example, A=200, 
E=lOO, I=SO, 0=25, U=lO, X=-250, is a 
possible weighting scale. 
3. The number of departments in the layout. 
4. The area of each department and whether or 
not the location of the department should 
be fixed in one of four quadrants of the 
layout. 
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5. Optionally, the maximum length to width ratio 
may be specified. Specification of this 
ratio avoids layouts which are extremely long 
and narrow. 
CORELAP begins by determining the scale it will utilize 
for the layout. The maximum allowable layout area (for 
CORELAP 8) is 40 unit squares by 40 unit squares. CORELAP 
calculates the total area of the layout from the 
individual department area and then scales the unit 
squares appropriately. CORELAP then calculates a "total 
closeness rating" (TCR) for each of the departments by 
examining the relationship chart. The TCR for a 
department is simply the arithmetic sum of its weighted 
closeness ratings. CORELAP chooses the department with 
the highest TCR and places it in the center of the layout. 
Next, the REL chart I 1S scanned to determine if a 
department having an "A" relationship with the existing 
department exists. If so, it is placed in the layout. If 
not, departments with an "E" relationship to the existing 
department are searched for, and placed, if found. If 
not, "I" relationships are searched, and so on. Ties 
between departments with the same relationship rating are 
broken by selecting the department with the higher TCR. 
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The selection of the third department is determined by a 
~ 
scan of the REL chart in hopes of finding another 
department having an "A" relationship with the first 
department. If a department having an "A" relationship 
with the first department is not found, a search is 
performed for departments having "A" relationships with 
the second department. If this search is unsuccessful, 
the I process is repeated for "E" relationships, then "I" 
relationships, and so on. 
all departments are placed. 
This process continues until 
The method used by CORELAP is compatible with the process 
advocated by Muther in his Systematic Layout Planning 
(SLP) system. The user of CORELAP must follow the same 
procedures advocated by SLP. The data gathering stage is 
the same. The only difference is that CORELAP automates 
the department placement process. 
CORELAP, like PLANET and other construction algorithms, 
tends to construct layouts having irregular shapes . 
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4.7 ALDEP [SEEH67] 
The Automated Layout Design Program (ALDEP) has the same 
input data requirements as CORELAP. ALDEP does use a 
different placement algorithm for departments, however. 
Whereas CORELAP uses a calculated total closeness· rating 
(TCR) to determine the order of placement for departments, 
ALDEP's placement order for departments is random. 
CORELAP produces a single layout that it considers optimum 
-- ALDEP produces several alternate layouts and scores 
them. 
ALDEP begins by selecting the first department randomly. 
(A random number seed must be specified by the user). As 
with CORELAP, ALDEP next searches the relationship (·REL) 
chart for departments having "A" relationships. Instead 
of using CORELAP's method of breaking ties with TCR's, 
ALDEP breaks ties by selecting winners randomly. If no 
departments are found in the REL chart having a specified 
I I 
minimum relationship with the first department, a 
department will be selected at random to be the second 
department. The third department is determined according 
to its relationship with the first department, if 
possible. If not possible, the REL chart is scanned for a 
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department 
department. 
having a relationship with the second 
This process continues until the placement 
order for all departments has been determined. 
The second stage of the ALDEP algorithm I 1S the placement 
routine. This routine begins by placing the first 
selected department in the upper left corner of the 
layout. The width of the department depends on the "sweep 
width," a user specified parameter. The department shape 
is determined by sweeping down (and up, if necessary) the 
layout with the specified sweep width until the department 
area specification is satisfied. Subsequent departments 
are placed I in the order determined in the selection 
routine. They are added to the layout adjacent to where 
the previous department left off, and are "brushed" into 
the layout according to the specified sweep width. (See 
Figure 8 on page 72). 
Once all departments have been placed, ALDEP rates the 
layout by assigning numeric values to the qualitative 
relationships in the REL chart. Adjacent departments in 
the layout having "A" relationships add 64 to the layout 
score. Adjacent departments having "E" relationships add 
16 to the score. "I" relationships are worth 4 points, 
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"O" relationships are worth one point, and "U" 
relationships don't alter the score. If two apartments 
are adjacent, and have a relationship of "X", 1024 is 
subtracted from the score. 
The ALDEP procedure is repeated for the number of layouts 
specified by the user. Different layouts are generated by 
each iteration I since a different first department is 
randomly selected each time. Each layout is scored and 
the selection of the ultimate layout is done by the user 
of the program. 
Since ALDEP uses a sweep technique, the layouts it 
generates are practical rectangular arrangements. 
Tompkins suggests, however, that since ALDEP relies on 
random selection orders, it should be run several times to 
assure the generation of the optimal layouts. [TOMP78] 
Page 71 
•• 
.... ' . 
..,.. . 
Computer-Aided Plant Layout: Yesterday and Tomorrow 
/\------~ "'- - - - - -,J, /ft.------~ 
y-------> ~------~ ~-----~ 
Figure 8. Vertical sweeping pattern used by ALDEP: 
4.8 Summary 
Departments are "painted" into the layout along 
the path of the dashed line. 
A variety of computer aided layout methods have been 
developed. These methods can be classified on the basis 
of layout approach, construction or improvement, and on 
the type of input data required, q_ualitative or 
quantitative. We have discussed the five layout programs 
most frequently cited in the literature. The names of 
these programs, and their characteristics are: 
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ALDEP 
COFAD 
CORELAP 
CRAFT 
PLANET 
Construction algorithm, qualitative input. 
Improvement algorithm, quantitative input. 
Construction algorithm, qualitative input. 
Improvement algorithm, quantitative input. 
Construction algorithm, qualitative and/or 
quantitative input. 
Because of the complexity of the layout problem, the 
algorithms used by these computer programs are heuristic 
• in nature. All of the programs are designed to 
I 
run in 
batch mode on mainframes. 
4.9 Current Usage 
Although programs for layout planning have existed since 
the 1960's, computer-aided layout tools have not gained 
widespread acceptance in industry. According to a survey 
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of industrial I engineers done I in the late 1970's, 
computerized layout planning tools are used infrequently 
and are of marginal use [CARR80]. The survey showed that 
CRAFT and CORELAP were the most frequently used programs. 
(The use of computer aided design (CAD) tools by 
industrial engineers is on the increase, but as we have 
emphasized before, for plant layout they assist in only 
the final step of the design process, the drafting stage.) 
The question that naturally comes to mind is "why aren't 
computer-aided layout programs popular?" There are a 
number of explanations of why existing computer-aided 
layout programs are rarely used by industrial engineers 
or layout planners: 
1. All five of the most commonly used layout 
programs (ALDEP, COFAD, CORELAP, CRAFT, and PLANET) 
run in batch mode on a mainframe computer. Programs 
that use formatted input are inherently unfriendly. 
Users must either "punch" physical data entry cards 
or simulate this operation using a text editor on a 
terminal. In either case, cryptic commands must be 
entered in exact formats. Any errors in data entry 
will invalidate the batch job. What makes this 
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particularly exasperating is that since batch jobs 
normally give long turnaround time (minutes, hours, 
or overnight), input errors are not discovered until 
the computer has run the job. 
2. Existing layout programs assist the designer 
with only a small portion of the layout process. 
Perhaps the most difficult portion of the process is 
gathering the necessary data prior to the evaluation 
stage. Computer algorithms require that problems be 
specified in quantifiable terms but this can be 
difficult for layout design. Many factors in layout 
design are important but not quantifiable. An 
experienced layout planner can account for these 
factors using manual techniques but generally finds 
it difficult to convey this "intelligence" to a 
computer program. 
3. The results obtained by layout 
frequently only marginally better 
programs are 
than those 
developed using Muther's Systematic Layout Planning 
(SLP) [CARR80]. Furthermore, the layouts generated 
by construction type algorithms have irregular 
boundaries with many edges. When these layouts are 
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adjusted to fit a real-life rectangular building, 
the efficiency of the layout can 
compromised. 
be severely 
4. Plant layout • 1S just one of the many 
responsibiliti,a.s of an Industrial Engineer or a 
... 
Manufacturing Engineer. Since plant layout (or a 
plant redesign) projects occur infrequently, it is 
difficult to justify the large investment in time 
required to learn how to properly use existing 
computer aided layout tools such as CRAFT or 
CORELAP. It is not simply a matter of learning the 
syntax of the layout program -- in order to run the ( 
job on a mainframe the engineer may be required to 
learn how to use an editor, how to submit a batch 
job, and how to print the job. On the other hand, a 
properly written interactive graphics program 
running on a microcomputer can be easy to learn and 
fun to use. 
The next chapter of this thesis proposes a framework for a 
computer-aided layout planning program that uses 
interactive computer graphics. 
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5 A PROPOSAL FOR AN INTEGRATED INTERACTIVE LAYOUT DESIGN 
PROGRAM 
5.1 Introduction 
Muther's Systematic Layout Planning (SLP) has gained 
popularity in both academic and industrial circles. The 
writer of this thesis proposes that an effective layout 
planning system be designed using the framework of SLP. 
Let us briefly review the SLP process: 
1. Information concerning the products, processes, 
and production schedule is obtained. 
2. The flows between departments are quantified, 
and/or the qualitative relationships 
departments are determined. An 
relationship (REL) chart is developed. 
between 
activity 
3. A relationship diagram is generated where equal 
size squares are used to represent individual 
departments. (Department I sizes and shapes are 
not considered at this point). Lines are drawn 
between departments to represent the strengths of 
Page 77 
Computer-Aided Plant Layout: Yesterday and Tomorrow 
the inter-departmental relationships. Departments 
are located I using so as to visual techniques 
obtain an optimal arrangement. 
4. The space 
determined. 
relationship 
required by each department I 1S 
Space requirements are added to the 
diagram to produce the space 
relationship diagram. This diagram very nearly 
represents the final layout. 
,• 
5. The space relationship diagram is modified to 
conform to practical considerations. At this 
point, a block plan of the final layout is 
obtained. 
Currently available computer programs provide assistance 
only with step 3 above of SLP. More specifically, they 
replace the "visual evaluation" of relationships between 
departments with an analytical search technique. Although 
such algorithms are significant contributions, this writer 
argues that an integrated program that aids the designer 
in all five phases of the process would be more helpful. 
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5.2 Other Interactive Approaches 
Other research has been done concerning interactive 
approaches to computer-assisted layout. 
The first interactive layout program was interactive 
CORELAP, a modified version of the original batch-oriented 
CORELAP [MOOR71]. Interactive CORELAP, written in 1971, 
did not use interactive graphics. Instead it used a 
conventional teletype terminal. Interactive CORELAP was 
significant in that for the first time it allowed the 
designer to interact with the heuristic as it executed. 
The conventional CORELAP program did not allow this. 
In 1980, Carrie proposed PLANTAPT, a prototype integrated 
package for layout planning that uses a group technology 
approach [CARR80]. PLANTAPT uses an APT-like 
prograrmning language to describe both the parts being. 
manufactured and the manufacturing processes. Carrie 
suggests that PLANTAPT is useful for plant layout because 
it aids in classifying similar production operations. He 
then suggests using a conventional CAD 
templates for machines in a work cell, 
system to design 
and for building 
boundaries. The designer would then use the CAD 
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system to manipulate the electronic 
the desired layout. Carrie does 
"templates" to obtain 
not 
introduce a construction 
process. 
or improvement 
suggest how to 
algorithm to the 
Also in 1980, O'Brien and Barr developed the procedures 
INLAYT and S-ZAKY which run on a PRIME 400 computer using 
an IMLAC refresh graphics terminal [OBRI80]. INLAYT is a 
construction algorithm that can be used to obtain an 
initial layout. S-ZAKY is an improvement algorithm that 
uses multi-pairwise department exchanges. The algorithms 
can deal with up to one-hundred departments with the 
restriction that all areas be rectangular and the system 
of aisles be rectilinear. O'Brien's and Barr's work is 
significant in that they use interactive computer graphics 
as an interface to the designer. 
Khator and Moodie developed a simple microcomputer 
program to assist in~·, layout design [ KHAT83]. Their 
program, written in Microsoft BASIC, uses a construction 
algorithm similar to PLANET to place departments. Up to 
20 departments may be placed. Interactive computer 
Page 80 
/ 
Computer-Aided Plant Layout: Yesterday and Tomorrow 
graphics is not used -- all input and output is done using 
a conventional keyboard and alpha-numeric screen. Gaston 
developed a similar program in 1984 [GAST84]. 
In 1983 Khator described a semi-interactive computer 
graphics program which enables a designer to create 
layouts "using his I experience, and visual 'feel' for the 
best configuration of layout entities [KHAT83]." Khator 
used a software package called CMASK, originally developed 
as a graphics editor for designing integrated circuits, to 
design plant layouts. CMASK runs on a VAX.. computer and 
uses a Tektronix 4112 color graphics terminal. It is 
written in the "C" programming language. CMASK is a very 
general graphics editor. Its main advantage is that it 
can be used to draw picture elements into many different 
groups and levels. Khator suggests using a construction 
algorithm 
departments. 
to determine the placement order for 
(Such an algorithm is not integrated with 
the CMASK package.) The designer then uses the CMASK 
graphics editor to place departments in the predetermined 
order. CMASK does have the capability of doing highly 
detailed drafting. 
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We next discuss the objectives of the layout planning 
software package proposed by this researcher. 
5.3 system Objectives 
The purpose of the proposed software package is to aid the 
industrial or manufacturing engineer in planning efficient 
manufacturing system layouts. The software should direct 
the engineer through the layout process in a systematic 
manner, using analytical aids when appropriate. The 
intention of the software 
I 
1S to marry the designer's 
practical • experiences ability to and 
nonquantitative issues with the computer's 
organize and analyze. Requirements are: 
consider 
power to 
• The program must run on common configurations of 
personal computers so as to make the program readily 
available to a wide number of engineers in industry. As 
previously discussed, personal computers are used 
widely by engineers in industry as general purpose work 
stations. An effective computer-aided layout program 
would be a useful addition to the engineer's computer 
software "toolbox." 
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• The program must be simple to learn and easy to use 
since plant layout or redesign is done infrequently, a 
large investment in time to learn (or re-learn) a 
complex program is unwarranted. An icon based menu 
system, similar to that used in the Apple McIntosh 
microcomputer and adapted by.such IBM Personal Computer 
programs as PC Paint, is advocated. An extensive system 
of context sensitive on-line help is required. 
• The program must use interactive computer graphics. 
Information exchange between man and computer is more 
effectively conveyed with graphics than with numeric 
tables and text. Problem recognition and solution is 
more readily accomplished using visual techniques made 
possible 
stations. 
with dedicated interactive graphics work 
• The program must assist the designer with all phases of 
the plant layout problem. One of the reasons cited for 
the low usage of existing layout software 
I 
1S that 
current algorithms address only a single phase of the 
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process. our objective is a flexible integrated program 
that I an engineer can use for all phases of the 
systematic Layout Planning (SLP) process. 
· The system should have an interface to commercial 
CAD/CAM software packages so that the block plans 
developed by the layout designer can be exported to a 
drafting system where detailed arrangements are added. 
Manual adjustments of graphical printouts should be 
. 
eliminated. 
• The program must solve real-life layout problems. One 
problem with existing construction algorithms is that 
they generate irregularly shaped layouts. In reality, 
buildings are usually rectangular. The software must be 
designed so that layouts are created within predefined 
boundaries. Also, the ability to fix specific 
departments in the layout is required, since it is 
difficult, if not impossible, to move stairways, 
elevators, electric power distribution centers and rest 
rooms in an existing facility. 
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Our philosophy • 1S to blend the experience and human· 
judgement of the layout planner with the tremendous 
organizing and processing power of the computer. The 
technology that facilitates the effective marriage of man 
and machine is interactive graphics. Scriabin and Vergin 
[SCRI75] conducted an interesting study in which they 
evaluated the performance of students with plant layout 
C 
experience using manual and visual methods against the 
performance of computer algorithms such as CRAFT. They 
concluded: 
"Results indicate that present attempts to use 
fully automated computer algorithms to solve the 
plant layout problem should be re-examined with 
a view to incorporating man's visual capability 
into procedures, especially I since real layout 
problems involve many factors which cannot 
readily be incorporated into a computer program, 
but which a man can take into account while 
designing a layout." 
Examples of factors that are difficult to incorporate into 
a computer program include: 
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• Office areas are frequently located on outside walls of 
facilitities so that they have windows. 
B 
• Heating and/or cooling system design influences the 
layout. 
· In semiconductor and other types of manufacturing that 
require clean rooms, it is desirable to locate clean 
rooms so that they are not adjacent to aisles having 
heavy traffic, 
only. 
even if this traffic is pedestrian 
• Many companies are under intense pressure to segregate 
smoking and non-smoking employees. Break rooms and 
offices must be designed so that smoke is blocked either 
by physical or ventilation barriers. Many government 
entities now require this. 
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5.4 Software System 
5.4.1 Introduction 
As stated earlier, the philosophy of the proposed software 
package is to aid the designer in all phases of the layout 
process. Given this strategy, we have chosen to name the 
package the "Computer Integrated Layout Planning System", 
hereafter referred to as "CILPS." It is proposed that 
CILPS be written in a modular manner, and be designed so 
that it can be used in a modular manner. 
The following section of this thesis describes the 
proposed software from a user's perspective. In order to 
improve readability, the grammatical style of this section 
assumes CILPS is already available. In reality CILPS is 
not available -- it is proposed. 
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5.4.2 Program Modules 
The CILPS system is divided into five modules: 
I. Input general information. 
II. Obtain preliminary layout. 
A) Construct a new layout. 
or B) Describe an existing layout. 
III. Optimize the layout (optional). 
IV. Output the layout (optional). 
Figure 9 on page 95 provides an overview of the layout 
process. Although Figure 9 appears to indicate that the 
process is strictly sequential (top to bottom), this is 
not the case. The layout designer is free to move from 
one module to any another, and in fact, it is normal to do 
so. The use of "pop-down" menus makes this an easy 
process. 
The first module the designer accesses when starting a new 
layout is used to input general information about the 
facility. The designer then chooses one of two modules. 
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If he is designing a new layout, a construction module is 
chosen. If he wishes to improve an existing layout, a 
module used to describe the existing layout is chosen. 
Regardless of which alternative is chosen, the result is a 
first-cut layout. 
Module III takes the layout provided by the previous 
module and attempts to improve it using the talents of 
both an improvement algorithm and the human designer. 
Alternative layouts may be scored according to criteria 
known by the computer. The layout designer then uses 
these scores and his assessment of other factors (SLP's 
"modifying considerations" and "practical limitations") to 
select a layout from the alternatives. 
As stated many times before, the CILPS procedure is not 
meant to be a drafting tool. The output generated by the 
program is a block layout plan that shows locations of 
departments with respect to each other. Although the 
system "knows" the dimensions of the blocks in the plan, 
no provision is made for adding dimensions to the block 
drawings. Instead, a translation module may be used to 
output an IGES file readable by commercially available 
CAD/CAM software. The CAD/CAM software can then be used 
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to add details to the block layout, to dimension it, and 
to perform any other functions supported by the CAD/CAM 
package. Alternately, the block layout may be printed on 
standard printers using character graphics similar to the 
illustrations in this thesis. 
We next describe the five user modules in detail. 
5.4.2.1 Module I: Input General Information 
In this module, the 
information to CILPS. 
layout designer provides general 
This information includes: 
Number of Departments: The number of departments to 
be included in the layout. A department may be an 
operation in the manufacturing facility for which 
there are inflows and outflows. Examples of such 
departments include a specific metal cutting 
machine, an assembly area, a test area, a shipping 
department, etc. A department may also be an area 
in which materials do not enter or leave, but which 
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must be located in the facility. Examples of these 
types of departments include rest rooms, offices, 
power transformers, aisles, etc. 
Department names and size: A name must be • given to 
each of the departments in the layout. Alternately, 
departments may be numbered sequentially. The area 
of each department • 1S specified • The sum of all 
department areas must be equal to or less than the 
area of the entire facility. 
Building shape and size: The shape of the building 
is defined using interactive graphics. Straight line 
segments defining the building outline are drawn 
using a "mouse" pointing device. The building 
outline may be rectangular, L-shaped, or any other 
shape consistent with straight line segments. Once 
the outline has been entered, the system will 
request the user to specify the length of line 
segments. Line segment lengths will then be used to 
calculate the area enclosed. 
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At this point the number of departments in the layout and 
the names of the departments are known. The user must now 
decide whether he wishes to develop the layout using 
quantitative flows between departments or nonquantitative 
"closeness" ratings between departments. If material 
handling cost is of primary concern, flows between 
departments should be chosen as the criteria to be 
evaluated. If other factors are more important, the 
qualitative activity "closeness" rating method should be 
chosen. 
Flows between departments: Knowing the number of 
departments and the names of the departments, an 
empty "from-to" chart is displayed on the screen. 
This chart is similar in appearance to the one used 
in the SLP procedure and illustrated in Figure 1 on 
page 47. The user inputs weighted flow of materials 
values for each cell in the "from-to" chart. (The 
method used to do this is similar to that of 
spreadsheet programs such as Lotus 1,2,3.) "Weighted 
flow of materials" refers ·to the number of unit 
loads transferred over a representative unit of time 
(such as a day) times the cost per unit distance of 
handling the load. These values may be based upon 
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historical data or may be forecasts. Note that in 
order to define flow in both directions, two values 
are required for each pair of departments 
Qualitative relationships between 
Recall that the user • • is given 
inputting flows between departments 
the 
departments: 
choice of 
or describing 
-
the qualitative relationships between departments. 
If he chooses qualitative relationships, an empty 
activity relationship chart is displayed on the 
graphics screen. This chart • is similar • in 
appearance to the one used in the SLP procedure and 
illustrated in Figure 3 on page 49. A full screen 
input method similar to that used by spreadsheet 
programs is used to input activity relationship 
ratings. The closeness rating system used by CILPS 
is identical to that used by SLP: 
A: Absolutely necessary 
E: Especially important 
I: Important 
O: Ordinary closeness OK 
U: Unimportant 
X: Undesirable 
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Note that unlike the from-to chart, the activity 
relationship chart ~requires only one rating 
for each pair of departments. 
The information gathered in Module I of CILPS is used to 
create a data base which is used by other modules in the 
system. Once this module has been completed, the user may 
choose to either construct a new layout or to describe an 
existing layout. The next section describes Module IIA, 
the construction alternative. The subsequent section 
describes Module IIB, the existing layout module . 
• 
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I 
, MODULE I 
Input general information 
• Number of departments. 
• Building shape and size. 
• Name of each department. 
• Flows between departments. 
• Qualitative relationships 
between departments. 
• Size of each department. 
I 
MODULE IIB 
Construct a new layout OR 
MODULE IIB 
Describe an existing 
layout 
• Develop activity 
relationship diagram. 
• Determine department 
placement order. 
• Place departments 
as in existing 
physical layout. 
• Place departments. 
I 
MODULE III: Optimize Layout 
• Define set-down and 
pick-up points. 
• Iteratively: 
- Improve layout. 
- Adjust layout. 
- Evaluate layout. 
• Select layout. 
MODULE IV: Output Layout 
• Block layouts to printers. 
I 
• 2-D wireframe IGES file to 
commercial CAD/CAM systems. 
Figure 9: Computer Integrated Layout Planning System 
(CILPS). 
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5.4.2.2 Module IIA: Construct New Layout 
Introd.uction 
This module allows a person to construct a new layout for 
situations such as a new factory, a new manufacturing 
line, or a major revision of a current production 
facility. This procedure • lS similar to existing 
computerized construction routines such as ALDEP, CORELAP, 
and PLANET in that departments are selected for placement 
in the facility according to an heuristic algorithm. 
Placement order is determined by the computer. The 
procedure differs from existing construction routines in 
that departments are not placed automatically by the 
computer. 
department 
Instead, the human layout designer places a 
by "dragging" a scaled two-dimensional 
"template" of the department to the desired location in 
the facility. 
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Placement Procedure 
The first step in Module IIA is to determine the order in 
which departments will be placed in the layout. In Module 
I of CILPS, the designer was asked to decide whether 
quantitative flows between departments or qualitative 
"closeness" ratings should be chosen as the criteria to be 
used in designing the layout. If flows between 
departments were deemed important, these flows were 
quantified in a two-way "from-to" chart. If qualitative 
relationships were deemed important, "closeness" ratings 
were inputted to an activity relationship chart. Two 
different order placement algorithms are included in CILPS 
to cover both possibilities. 
Quantitative Flows Alternative: For this 
alternative, the algorithm provided by O'Brien and 
Barr [OBRI80] is used. Departments are ordered 
according to the combined weighted flows in and out 
of each department. Each department is then grouped 
with those departments for which the flow of 
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materials equals or exceeds the I maximum value of 
flow between any other two departments. Each 
grouping is displayed on the screen using scaled 
"templates" for each department. Individual 
departments within the group are then placed by the 
human designer using a "mouse" pointing device. 
Placement is restricted so that all departments in 
1 
the group are contiguous. When all departments in 
the group have been displayed, a group is determined 
for the next department in the placement order. The 
procedure ends when all departments are located in 
the facility. 
Since the placement of departments using interactive 
graphics takes little time, the designer may choose 
to generate alternative layouts. 
Qualitative Relationship 
alternative, the CORELAP 
Alternative: 
algorithm • 1S 
For this 
adapted 
[LEE67]. Numeric weights are assigned to the "A", 
"E", "I", "O", "U", and "X" closeness ratings. The 
following default weights are assigned: 
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A: Absolutely necessary 
E: Especially important 
I: Important 
O: Ordinary closeness OK 
U: Unimportant 
X: Undesirable 
These defaults may 
configuration file. 
be changed 
r, 100 
50 
25 
5 
1 
-500 
by 
/ 
editing a 
A total closeness rating (TCR) is calculated for 
each of the departments. The TCR I 1S simply the 
arithmetic sum of its weighted closeness ratings. 
The department having the highest TCR is placed in 
the center of the layout. Next the activity 
relationship chart ' 1S scanned to determine if a 
department having an "A" relationship with the first 
department can be found. If so, a template for the 
department is displayed, and the human designer is 
asked to "drag" the department to the location he 
desires. The software requires that he place the 
department so that it shares a boundary with the 
first department. If an "A" relationship cannot be 
found, the activity relationship chart is searched 
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for an "E" relationship, then an "I" relationship, 
etc. Ties between departments having the same 
relationship are broken by selecting the department 
with the highest TCR. 
Which department to place third is determined by a 
scan of the relationship chart in hopes of finding 
another department having an "A" relationship with 
the first department. If such a department is 
found, it is placed in a fashion similar to placing 
the second department. If no "A" relationship is 
found, the chart is scanned for departments having 
"A" relationships with the second department. If no 
match is found, the process is repeated using "E" 
relationships, then "I", etc. Again, ties are 
broken using TCR. This process is repeated until 
all departments have been placed. Note that 
placement order is determined by the computer, but 
department position and orientation is specified by 
the human designer within the constraints 
established by the algorithm. Irregular shapes are 
avoided because the human designer has the ability 
to confine departments within the outline of the 
facility. 
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The appearance to the user of the interactive proc
edure is 
the same regardless of which of the two algorit
hms are 
used. This is desirable because it is easier
 for the 
designer if he does not have to learn two 
methods. 
Regardless of which method was used, the output 
obtained 
by this module is a preliminary block plan of the
 layout. 
Then Module III can be used to optimize this plan. 
5.4.2.3 Module IIB: Describe Existing Layout 
This module provides the layout designer a 
means of 
describing an existing layout to the computer.
 Recall 
that Module I was used to obtain the nu
mber of 
departments, the name of each department and its a
rea, the 
building size and shape, and either quantitative 
flows or 
qualitative closeness ratings between departments.
 
The module begins by reproducing an outline of th
e layout 
boundaries on the graphics screen. Then 
a scaled 
two-dimensional template of the first departm
ent I 1S 
displayed. The layout designer drags this templa
te into 
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its proper position in the layout. This process is 
repeated for each department until all departments are 
placed. No analytical algorithms are required in this 
module. The designer simply places departments within the 
boundaries of the layout in exactly the same locattons as 
in the existing real-life facility. The output of this 
module (IIB) is identical to that of the Module IIA: a 
preliminary block plan. This block plan, in conjunction 
with the data base obtained in Module I, will be used in 
Module III to optimize the layout. 
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5.4.2.4 Module III: Optimize Layout 
Module III attempts to improve the block layout generated 
in Module IIA or IIB. The talents of both the layout 
designer and a computerized improvement algorithm are 
used. The inputs to this module include information 
gathered in Module I and the starting block layout from 
Module II: 
• The size and shape of the overall facility that 
must contain the final layout. 
• The name and area of each department. 
• The starting location of all departments. 
• Either: 
- The weighted flow of materials given in the 
"from-to" chart, or 
- The qualitative "closeness" ratings from the 
activity relationship chart. 
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The module begins by determining whether improvements are 
to be made based on flows in a "from-to" chart or on 
qualitative closeness ratings in an activity relationship 
chart. If the choice is closeness ratings, the activity 
relationship chart • 1S "converted" to a quantitative 
"from-to" chart. This is done by assigning numeric values 
to the closeness ratings "A", "E", "I", "O", "U", and "X". 
As in Module II the following default weights are 
assigned, but may be changed by editing a configuration 
file: 
The 
A: Absolutely necessary 
E: Especially important 
I: Important 
O: Ordinary closeness OK 
U: Unimportant 
X: Undesirable 
100 
50 
25 
5 
1 
-500 
reason that the activity relationship 
.. 
chart • 1S 
converted to a "from-to" diagram is that no improvement 
algorithm that uses qualitative inputs could be found in 
the literature. 
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The improvement algorithm used in this module is similar 
to the CRAFT algorithm [ARM063]. One difference is that 
CRAFT always uses department centroids as the set-down and 
pick-up points for materials. our algorithm uses 
centroids only if the "from-to" chart was generated by 
converting an activity relationship chart. Otherwise, the 
set-down and pick-up points defined by the designer are 
used. 
If quantitative flows are to be used to optimize the 
layout, Module III begins by asking the designer for the 
locations of 
department. 
set-down and pick-up points for each 
The procedure used to do this first displays 
a scaled template of the first department. The designer 
is asked to define the set-down point by either typing X-Y 
coordinates on the keyboard, or by pointing to the 
location on the template with the mouse. He is then asked 
to do the same for the pick-up point in the department. 
The procedure is repeated for each department in the 
layout. 
Once all set-down and pick-up points are known, the block 
plan generated in Module II is displayed on the graphics 
screen. Flows between departments are indicated with 
Page 105 
Computer-Aided Plant Layout: Yesterday and Tomorrow 
variable width lines -- the higher the flow between 
departments, the wider the line. This display provides 
the designer with a graphic visualization of the layout 
including material flows. A total transportation cost is 
calculated for the initial layout based on rectilinear 
distances between set-down and pick-up points, and the 
user specified variable transportation cost per unit 
distance. 
I 
The next three steps in this module are repeated in an 
iterative fashion until the designer obtains 
satisfactory layout: 
Improve Layout: A computer algorithm interchanges 
departments of equal area or departments that share 
a common border 
transportation 
in an effort to reduce the 
are always cost. Interchanges 
I I pair-wise. The transportation cost is calculated 
after each interchange. If the transportation cost 
is lower, the interchange is accepted. If not, the 
interchange is rejected. The algorithm continues by 
evaluating other department interchanges until no 
further reduction I in transportation cost can be 
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obtained. 
interchange 
The layout generated 
~ 
by the last 
• is displayed complete with 
interdepartmental flows. Intermediate layouts are 
not displayed. A topological data base • is 
maintained for purposes of analysis. Common borders 
between departments are determined. Complex 
relationships between departments are possible if 
non-rectangular shapes are used. 
Adjust Layout: The layout generated by the 
improvement algorithm is likely to require manual 
adjustment. Specifically, the set-down and pick-up 
points may need to be adjusted because of the new 
layout. Also, it may be necessary to reposition one 
or more departments because of practical 
considerations not included in the model. In this 
stage, the designer modifies the layout 
I 
using 
interactive graphics techniques. Set-down and 
1.-
pick-up points may be edited in a fashion similar to 
the method in which they were defined. Departments 
may be manually moved by dragging them with the 
mouse. 
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Evaluate Layout: If the designer has adjusted the 
layout, the new layout will be evaluated according 
to the same scoring system used I 1n the "improve 
layout" step. If the designer's changes resulted in 
an increase in material handling cost he will 
probably wish to return to the "improve layout" 
step. 
The three steps, "improve layout", "adjust layout", and 
"evaluate layout" may be repeated until the designer is 
satisfied with the final layout. It is important that the 
designer not use the numeric score provided by the program 
to the exclusion of all other factors. The numeric score, 
after all, assesses only those factors known by the 
computer model -- the human designer must take into 
account other factors known by him but not by the 
computer. 
Upon satisfactory completion of the iterative procedure, a 
final block layout plan is obtained. The designer may 
stop at this point if he desires or he may choose to 
produce a hard copy of his work in one of two ways. The 
final module in the CILPS procedure, Module IV, provides 
two methods of obtaining a hard copy. .. 
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5.4.2.5 Module IV: Output Layout 
At this point a block layout containing straight line 
segments has been generated by either Module II or Module 
III. If the layout designer is responsible for placing 
departments within a facility but not for detailed layouts 
of individual departments his work I 1S done. An output 
option in Module IV allows him to print a copy of the 
block layout on any printer capable of printing the 
character graphics set of the IBM Personal Computer. A 
small example of a block layout printed on the IBM 
Quietwriter Printer using the Courier 10 font is given in 
Figure 10 on page 111. 
A second output method is available to the designer who 
needs to add detail to the block layout. Upon request, an 
IGES file containing the two-dimensional geometry of the 
block layout will be written. IGES (the Initial Graphics 
Exchange Specification), developed by the National Bureau 
of Standards, is a neutral format file specification 
intended to transfer geometry between CAD systems. Once 
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the IGES file has been created, the designer can use a 
conventional CAD/CAM drafting program to add details to 
the block layout such as machinery, workbenches, office 
furniture, electrical plans, etc. 
This completes our discussion of the five • main program 
modules in the proposed Computer Integrated Layout 
Planning System (CILPS). 
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Receiving 
Automatic 
Storage and 
Retrieval 
System 
Shipping 
Inspection 
Machining Center 
Assembly 
Area 
Rest rooms 
Office Area 
Figure 10. CILPS Sample Block Plan: This plan can be 
printed on any printer supporting the character 
graphics set of a personal computer. 
/ 
Double lines are used to represent the outside 
boundary of the area under consideration. 
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6 SUMMARY AND CONCLUSIONS 
The problem of plant layout has been the subject of 
analysis for many years. The traditional approach to 
plant layout relies heavily on engineering judgement. 
Iconic models, either two-dimensional templates or 
, three-dimensional models, are maneuvered on a scaled plan 
to obtain a number of possible solutions. 
layout automation has been provided 
Some degree of 
by commercially 
available CAD/CAM systems. Unfortunately, the only part 
of the layout process that CAD/CAM automates is that of 
drafting. The major problem with the traditional approach 
is that it is nearly impossible for the designer to 
properly consider the complexity of the layout problem. 
Muther made a significant contribution to the field of 
plant layout with his Systematic Layout Planning (SLP) 
) 
approach. SLP is important for two reasons. First it 
provides a manual, yet systematic, method of approaching 
the layout problem. Second, it provides the foundation 
for most computerized layout planning algorithms. 
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In the early 1960's university researchers began applying 
,· 
the power of the digital computer to the layout problem. 
The five mode widely used layout algorithms include CRAFT, 
COFAD, PLANET, CORELAP, and ALDEP. These algorithms use 
heuristic methods to either construct a layout from 
scratch or to improve an existing layout. The objective 
function of these programs is to either minimize material 
handling cost or to optimize total "closeness" scores. 
Although these programs have beeh available for a number 
of years they have not gained widespread acceptance in 
industry. There are many reasons why they are unpopular: 
• Since they run in batch mode on mainframes they 
are difficult to use. 
• They assist the designer with only a small portion 
of the layout process. 
• Construction algorithms generate layouts having 
unrealistic shapes. 
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• An industrial engineer receives layout assignments 
infrequently. It is difficult to justify the time 
investment required to learn how to use a complex 
layout algorithm. 
It is suggested that the advent of the personal computer 
has revolutionized the worklife of the manufacturing and 
industrial I engineer. Personal computers are used for a 
variety of purposes, are inexpensive, and are widely 
available. Given this environment, a computer-aided plant 
layout system to be implemented on a personal computer is 
proposed. Instead of emphasizing the drafting function 
commonly found in most CAD systems, the "Computer 
Integrated Layout Planning System (CILPS) would aid the 
engineer in designing efficient manufacturing systems 
where efficiency I 1S measured I in terms of distance 
traveled, materials handling cost, and other measures. 
The software package would direct the engineer through the 
layout process in a systematic process, and would use 
analytical aids when appropriate. The intention of the 
software would be to marry the practical experience of the 
designer with the computer's power to I organize and 
analyze. Unlike existing batch-oriented mainframe 
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computer algorithms, CILPS would be designed to assist the 
engineer with all phases of the layout process. 
Interactive computer graphics would be used to facilitate 
simple and natural communications between the designer and 
the computer. 
The interactive approach presented in this paper has many 
advantages over existing computerized methods. With 
existing computer algorithms, the designer has little or 
no control over department placement. With the proposed 
method, the computer and the human designer work together 
to place departments. The proposed system provides the 
flexibility that allows the experienced designer to create 
layouts influenced by both the computer and his visual 
"feel" for good configurations. 
In today's highly competitive world economy, it 
I 
1S 
imperative for a firm to be an efficient, low-cost 
manufacturer. An important determinant of manufacturing 
efficiency is the effectiveness of the material handling 
system and the plant layout. 
result in shorter production 
An efficient layout will 
cycles, lower work-in-
process, less starving and blocking of work stations, 
reduced bottlenecks, increased volumes, and lower material 
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handling costs. The Computer Integrated Layout Planning 
System proposed will provide the 
the Manufacturing Engineer with 
design an efficient layout. 
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8 VITA 
The author was born in Mitchell, South Dakota on February 7, 
1955. His parents are John Toussant Askew and Ruth Lambert 
Askew. 
He graduated from Mitchell High School in 1973. He attended 
the South Dakota School of Mines and Technology from 1973 
through 1977 where he graduated with highest honors with a 
Bachelor of Science degree in Electrical Engineering. He is 
a member of the Tau Beta Pi, Eta Kappa Nu, and Pi Mu Epsilon 
honorary engineering societies . 
• 
Upon graduation, he accepted a position with the IBM 
Corporation, his present employer, in Boulder, Colorado. His 
work at IBM has been mainly involved with advanced 
manufacturing engineering applications. Upon completion of 
the Manufacturing Systems Engineering Program, the author 
will return to his position at IBM Boulder and to the good 
Mexican food available only in the West. 
The author was married to his wife Sharon in 1977, and has a 
two-year old son John. Jim and Sharon are expecting another 
child, due May 12, 1986. 
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